PCT 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 
H05K 7/20 



Al 



(H) International Publication Number: 
(43) Internationa! Publication Date: 



WO 00/33628 

8 June 2000 (08.06.00) 



(21) International Application Number: PCT/US99/26620 

(22) International Filing Date: 10 November 1999 (10.1 L99) 



(30) Priority Data: 
09^206,101 



2 December 1 998 (02. 1 2.98) US 



(71) Applicant (for all designated States except US)i INTEL COR- 

PORATION IUS/US]; 2200 Mission College Boulevard, 
Santa Clara. CA 95052 (US). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): BROWNELL, Michael P 
[US/US]; 248 El Cajon Way, Los Gatos. CA 95032 (US). 

(74) Agents: MILLIKEN, Darren, J.etal.; Blakely, Sokoloff, Taylor 
& Zaftnan LLP, 7th floor, 12400 WHshtre Boulevard, Los 
Angeles, CA 90025 (US). 



(81) Designated States: AE, AL, AM, AT, AU, AZ, BA, BB BG 
BR, BY. CA, CH. CN, CR, CU, CZ, DE, DK, DM. EE 
ES, FI, GB, GD, GE, GH, GM, HR, HU, ID, IL, IN IS JP 
KE. KG, KP, KR, KZ, LC, LK, LR. LS. LT, LU, LV, Ma! 
MD, MG. MK, MN, MW, MX, NO, NZ. PL. PT, RO RU 
SD, SE, SG. SI, SK, SU TJ, TM, TR. TT, TZ, UA.' UG* 
US, UZ, VN, YU. ZA, ZW, ARIPO patent (GH, GM, Ke! 
LS, MW, SD, SL, SZ, TZ, UG, ZW), Eurasian patent (AM 
AZ, BY. KG, KZ, MD, RU, TJ, TM), European patent (AT* 
BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE IT LU 
MC, NL, PT, SE), OAPI patent (BF, BJ, CF. CG, CI* CM* 
GA, GN, GW, ML, MR, NE. SN, TD, TG). 

Published 

With international search report. 



(54) Title: A FIBROUS THERMAL INTERFACE ADAPTOR 
(57) Abstract 



A plurality of flexible, parallel, 
thermally conductive fibers (101) has a 
first end that is open and a second end 
embedded into a thermally conductive 
base (100). 



105 




): < WO 0033628A 1 _l_> 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


AM 


Armenia 


FI 


AT 


Austria 


FR 


AU 


Australia 


GA 


AZ 


Azerbaijan 


GB 


BA 


Bosnia and Herzegovina 


GE 


BB 


Barbados 


GH 


BE 


Belgium 


GN 


BF 


Burkina Faso 


GR 


BC 


Bulgaria 


HU 


BJ 


Benin 


IE 


BR 


Brazil 


IL 


BY 


Belarus 


IS 


CA 


Canada 


IT 


CF 


Central African Republic 


JP 


CG 


Congo 


KE 


CH 


Switzerland 


KG 


CI 


Cote d'lvoire 


KP 


CM 


Cameroon 




CN 


China 


KR 


CU 


Cuba 


KZ 


cz 


Czech Republic 


LC 


DE 


Germany 


U 


DK 


Denmark 


LK 


EE 


Estonia 


LR 



Gabon 

United Kingdom 

Georgia 

Ghana 

Guinea 

Greece 

Hungary 



Italy 

Japan 

Kenya 

Kyrgyzstan 

Democratic People's 

Republic of Korea 

Republic of Korea 

Kazalcstan 

Saint Lucia 

Liechtenstein 

Sri Lanka 

Liberia 



LS 

LT 

LU 

LV 

MC 

MD 

MG 

MK 

ML 

MN 

MR 

MW 

MX 

NE 

NL 

NO 

NZ 

PL 

PT 

RO 

RU 

SD 

SE 

SG 



Lesotho 


SI 
SK 


Slovenia 
Slovakia 


Luxembourg 


SN 


Senegal 


Latvia 


SZ 


Swaziland 


Monaco 


TD 


Chad 


Republic of Moldova 


TG 


Togo 


Madagascar 


TJ 


Tajikistan 


The former Yugoslav 


TM 


Turkmenistan 


Republic of Macedonia 


TR 


Turkey 


Mali 


TT 


Trinidad and Tobago 


Mongolia 


UA 


Ukraine 


Mauritania 


UG 


Uganda 


Malawi 


US 


Untied States of America 


Mexico 


UZ 


Uzbekistan 


Niger 


VN 


Viet Nam 


Netherlands 


YU 


Yugoslavia 


Norway 


zw 


Zimbabwe 



New Zealand 
Poland 
Portugal 
Romania 

Russian Federation 
Sudan 
Sweden 
Singapore 



BNSDOCID: <WO 0033628A1J_> 



WO 00/33628 



PCT/US99/26620 



A FIBROUS THERMAL INTERFACE ADAPTOR 

The present invention relates to heat dissipation and more particularly 
to a thermal interface that efficiently conducts heat from a heat generator to a 
heat dissipates 

BACKGROUND 

Computer systems, from small handheld electronic devices to medium- 
sized mobile and desktop systems to large servers and workstations, are 
becoming increasingly pervasive in our society. Computer systems typically 
include one or more integrated circuits (ICs) such as one or more processors, 
controllers, or memory devices. During operation of the computer system, an 
IC tends to generate heat. If this heat is not adequately removed from the IC, 
the IC may malfunction. In some cases, the heat will cause the IC to fail, 
causing computer system failure. Thus, to ensure quality and reliability, a 
computer designer must provide for proper thermal management of the ICs. 

To cool an IC, the heat generated by the IC may simply be dissipated 
directly from the IC to the ambient environment If this does not provide 
adequate cooling, a fan may be used to increase the heat dissipative 
efficiency. If this still does not provide adequate cooling, devices may be 
thermally coupled to the IC to further increase the heat dissipative efficiency by, 
for example, increasing the surface area from which the heat is dissipated, 
converting the thermal energy to an alternate form of energy, or cooling the 
ambient environment. Such devices are referred to as heat dissipaters. 

To thermally couple a heat dissipater to an IC, a thermal grease is 
typically used at the interface between the IC and the heat dissipater. The 
thermal grease is intended to fill any gaps which may exist at the interface. 
Such gaps, if not filled, represent locations of high thermal resistivity between 
the IC and the dissipater, lowering the thermal transport efficiency between the 
two surfaces. One problem with the use of thermal greases is that they tend to 
separate over time, leaving unfilled gaps behind. This separation occurs 
because the surface of the IC warps after being packaged at room 
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temperature, then flattens as the IC heats up during operation. The warping 
may be caused by mismatched thermal constants of materials used in the IC 
package or the heat dissipater. The constant warping and flattening of the IC 
has a tendency to pump the thermal grease out of the interface. 

SUMMARY OFTHE INVENTION 

In accordance with one embodiment of the present invention, a plurality 
of flexible, parallel, thermally conductive fibers has a first end that is open and 
a second end embedded into a thermally conductive base. 

Other features and advantages of the present invention will be apparent 
from the accompanying drawings and the detailed description that follows. 

BRIEF DESCRIPTION OFTH E DRAWINGS 

The present invention is illustrated by way of example and not limitation 
in the figures of the accompanying drawings in which like references indicate 
similar elements and in which: 

Figure 1 is a thermal interface formed in accordance with an 
embodiment of the present invention; 

Figure 2A is a cross-section of a thermal interface used in a thermal 
conduction system in accordance with one embodiment of the present 
invention during a first period of time; 

Figure 2B is the cross-section of Figure 2A during a second period of 

time; 

Figure 3 is a cross-section of a thermal interface used in a thermal 
conduction system in accordance with another embodiment of the present 
invention; 

Figure 4A is a thermal conduction system in accordance with another 
embodiment of the present invention; and 

Figure 4B is the thermal conduction system of Figure 4A after thermal 
coupling has taken place. 
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DETAILED DESCRIPTION 

In accordance with one embodiment of the present invention, a thermal 
interface is used to thermally couple an integrated circuit (IC) to a heat 
dissipater in a computer system. The IC may be any of the various different 
types of ICs typically found in a computer system, such as a processor, 
chipset, memory device or controller. The heat dissipater may include a 
thermal spreader, fan, heat sink, or heat pipe, and generally includes some 
type of broad, flat, metallic surface to be bonded to a surface of the thermal 
interface. 

The thermal interface includes a plurality of flexible, parallel, graphite 
fibers. The first end of the fibers is in direct contact with the IC, and the second 
end is embedded into a thermally conductive base. The first end may have 
some limited freedom of movement along the surface of the IC or may be 
embedded into the surface to promote thermal coupling. As the IC heats up 
and flattens during operation, the fibers flex and bend to accommodate the 
flattening, maintaining good thermal contact with the IC without forming gaps. 

As used herein, the term IC includes not only the semiconductor 
substrate and circuits formed thereon but also any materials used to package 
the substrate including, for example, ceramic, plastic, or metal. A more 
detailed description of embodiments of the present invention, including 
various configurations and implementations, is provided below. 

Figure 1 is a thermal interface 105 formed in accordance with an 
embodiment of the present invention. Thermal interface 105 includes 
thermally conductive base 100 into which flexible, parallel thermally conductive 
fibers 101 are embedded at one end. The fibers are open at an opposite end, 
meaning that they have some freedom of independent movement because 
they are not embedded into any material. For one embodiment of the present 
invention, base 100 is copper and the fibers are graphite. For an alternate 
embodiment, base 100 may comprise other materials in addition to copper or 
instead of copper, and the fibers may comprise other materials in addition to 
or instead of graphite. It may be found useful for base 100 to include a 
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material that is the same as the material that is to be thermally coupled to 
base 100. It may also be found useful to coat the thermal fibers with a flexible 
covering or adding flexibilizing or toughening agents to the fibrous material. 

For one embodiment of the present invention, length 110 and width 111 
of base 100 of interface 105 of Figure 1 are in the range of approximately 0.5 
and 5 inches, but may conceivably be any size. The length and width of the 
base are selected to provide a sufficient coupling between the interface and 
the IC, or other heat generator, to which the interface is to be directly, thermally 
coupled. For one embodiment of the present invention, the edge at the 
perimeter of base 100 overhangs the boundaries that define the perimeter of 
fibers 101. For an alternate embodiment, one of more boundaries of fibers 
101 are flush with the edge of the base. 

For one embodiment of the present invention, thickness 113 of base 
100 of interface 105 of Figure 1 is in the range of approximately 1 to 250 mils 
or 1 to 25 mils, but may conceivably be any thickness. The base is 
manufactured to be thick enough to provide a sufficient substrate into which 
each of fibers 101 may be securely embedded, as demonstrated by fiber 103 
in the blowup view, and to provide an adequate surface to which a heat 
dissipater may be securely bonded. The base is also kept thin enough, 
however, to reduce the thermal resistance between the fibers and the heat 
dissipater. For one embodiment of the present invention, base 100 is formed 
integrally with the heat dissipater. For example, the fibers may be embedded 
directly into a thermal spreader. Fibers 101 are embedded into base 100 by 
an amount that provides for secure attachment to the base yet reduces thermal 
resistance between the fibers and the heat dissipater to be bonded to the 
base. For one embodiment of the present invention, the ends of fibers 101 
protrude through the upper surface of base 100. For another embodiment, the 
ends of the fibers terminate within the bulk of the base. 

For one embodiment of the present invention, length 112 of each of 
fibers 101 of Figure 1 is less than approximately one inch, but may conceivably 
be any length. Length 112 of fibers 101 are manufactured to be short enough 
to reduce the thermal resistance of the fibers between the IC and the heat 
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dissipater, yet long enough to provide adequate flexibility of the fibers to 
accommodate warping of the IC. Similarly, the fibers are manufactured to be 
thick enough to provide adequate durability and thermal conductance, yet thin 
enough to provide adequate packing density and flexibility. For one 
embodiment of the present invention, fibers 101 are frayed, as demonstrated 
by individual fiber 102. Fraying the end of the fiber may be found to improve 
thermal contact with the IC, reducing thermal resistance. 

Figure 2A is a cross-section of a thermal interface used in a thermal 
conduction system in accordance with one embodiment of the present 
invention. IC 202 is coupled to circuit board 200 via solder balls 201. The 
thermal interface comprising thermally conductive, flexible, parallel, graphite 
fibers 203 embedded into copper base 204 is in direct thermal contact with a 
surface of IC 202 at one end of the fibers. A surface of copper base 203 is 
bonded to heat dissipater 205. Heat dissipater 205 includes a series of fins to 
increase the surface area of the dissipater, thereby increasing thermal 
dissipation efficiency. 

Fibers 203 of Figure 2A are not embedded into the surface of IC 202 but 
rather are slightly compressed onto the surface, allowing for some limited 
freedom of movement along the surface. Under the compression, fibers 203 
bend enough to ensure constant, direct, thermal contact with IC 202 despite 
warpage of IC 202. For one embodiment of the present invention, a thermal 
grease resides at the interface of fibers 203 and IC 202. This thermal grease 
is held between fibers 203 of the interface and may improve the thermal 
coupling between fibers 203 and IC 202. For an alternate embodiment of the 
present invention, the ends of fibers 203 are embedded into the surface of IC 
202 to improve the thermal coupling between the IC and the fibers. 

The bond between copper base 204 and the surface of heat dissipater 
205 of Figure 2A is a solder bond formed by soldering the dissipater to the 
surface of the base. Alternatively, the bond may be a molecular bond formed 
by sintering base 204 to dissipater 205 at a temperature high enough to form 
covalent bonds at the interface. For an alternate embodiment of the present 
invention, the dissipater 205 is thermally coupled to base 203 by simply 
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placing the two surfaces in direct thermal contact with each other with a 
thermal grease applied at the interface. 

Figure 2B is the cross-section of Figure 2A during operation of the IC. 
As IC 202 heats up, its surface flattens as shown. Because fibers 203 are 
flexible and are compressed against the surface of IC 202. the ends of fibers 
203 maintain contact with the surface of IC 202 even though the surface of the 
IC changes its planarity due to heating. Thus, a good thermal coupling 
between fibers 203 and IC 202, exhibiting a low thermal resistance, is 
maintained with IC 202 throughout the operation of the IC. After IC 202 ceases 
operation and cools off, its surface may again become warped, as shown in 
Figure 2A, and fibers 203 flex to accommodate the IC surface. 

Note that a thermal interface such as that described above may be 
adapted for use in coupling nearly any heat generator to any heat dissipater. 
For example, a thermal interface may be used to connect a thermal block, 
which generates heat as a result of conducting the heat from an IC, to a heat 
pipe, which dissipates the heat by transporting it to a remote location. As 
another example, a thermal interface such as that described above may be 
used to connect a first heat pipe to a second heat pipe. Note that in 
accordance with this embodiment of the present invention, the thermal 
interface may be curved to accommodate the curved surfaces of the heat 
pipes. Also, in accordance with one embodiment of the present invention, a 
thermal interface such as that described above may be used to thermally 
couple virtually any non-planar surface to a relatively planar or smoothly curved 
surface. 

For example, Figure 3 is a cross-section of a thermal interface used in a 
thermal conduction system in accordance with another embodiment of the 
present invention. Heat generator 302 has a rough, non-planar surface as 
shown. Thermally conductive, flexible, parallel, graphite fibers 303 flex and 
bend to conform to the surface of heat generator 302, making highly thermally 
conductive contact therewith. Thermal grease may additionally be used at this 
interface to improve thermal coupling. Fibers 303 conduct heat generated by 
heat generator 302, and efficiently transport this heat to base 304 into which 
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fibers 303 are embedded, base 304 is bonded to the curved surface of heat 
dissipater 305, which may be a heat pipe, heat sink, or heat spreader. 

As another example, Figure 4A shows a thermal conduction system in 
which two heat pipes, 400 and 410, include thermal interfaces 405 and 415, 
respectively. These thermal interfaces are used in conjunction with thermal 
coupler 420 to form the coupled heat pipes of Figure 4B. Thermal interface 
405 includes base 407, into which fibers 406 are embedded, entirely wrapped 
around and soldered to an extended portion of heat pipe 400. Thermal 
interface 415 includes base 417, into which fibers 416 are embedded, entirely 
wrapped around and soldered to an extended portion of heat pipe 410. Heat 
pipe 400, including thermal interface 405, is inserted into one end of coupler 
420, and heat pipe 410, including thermal interface 415, is inserted into the 
other end of coupler 420. 

For an embodiment in which heat pipe 400 is thermally coupled to the 
heat generator of a computer system and heat pipe 410 is thermally coupled to 
the heat dissipater, fibers 406 conduct heat from heat pipe 400 and efficiently 
transport this heat to thermal coupler 420. Fibers 416 conduct the heat from 
coupler 420 and efficiently transport this heat to heat pipe 410. Thermal 
grease may be used at the interface between the fibers and coupler 420. For 
an alternate embodiment of the present invention, the thermal interfaces are 
bonded to the coupler rather than to the heat pipes. For example, the base of 
the thermal interface may be bonded to the inner surface of coupler 420 with 
the fibers extending inward from the base to thermally contact the outer surface 
of the heat pipes or an extended protrusion from the heat pipes. In accordance 
with one embodiment of the present invention, coupler 420 is a simple 
thermally conductive slip or another heat pipe. 

For another embodiment of the present invention, a single thermal 
interface is used to couple one heat pipe to another either directly or via a 
removable coupler. For example, coupler 420 may be formed integrally with 
either heat pipe 400 or 410, obviating the need for the thermal interface 
attached to that heat pipe. For another embodiment, coupler 420 may be 
formed having a diameter that is larger than the diameter of heat pipe 400 or 
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410, eliminating the needed for the extended, narrow protrusions form the heat 
pipes. 

This invention has been described with reference to specific exemplary 
embodiments thereof. It will, however, be evident to persons having the benefit 
of this disclosure that various modifications and changes may be made to 
these embodiments without departing from the broader spirit and scope of the 
invention. The specification and drawings are, accordingly, to be regarded in 
an illustrative rather than a restrictive sense. 
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CLAIMS 

What is claimed is: 

1. A thermal interface comprising: 

a plurality of flexible, parallel, thermally conductive fibers having a 

first end and a second end, the first end being open; and 
a thermally conductive base into which the second end of the fibers 
are embedded. 



The interface of claim 1, further comprising thermal grease disposed 
between the fibers. 



3. The interface of claim 1, wherein the fibers have a length of less than 
approximately one inch. 

4. The interface of claim 1, wherein the fibers are frayed at the second end. 

5. The interface of claim 1, wherein the base has a thickness in the range 
of approximately 1-250 mils. 

6. The interface of claim 1, wherein the base has a width and length 
between approximately 0.5 and 5 inches. 

7. The interface of claim 1, wherein the fibers comprise graphite. 

8. The interface of claim 7, wherein the fibers have a length of less than 
approximately one inch, the base comprises copper, and the base has 
a thickness in the range of approximately 1-250 mils and a width and 
length between approximately 0.5 and 5 inches. 

9. A thermal conduction system to conduct heat from a heat generator to a 
heat dissipater, the system comprising: 

a first surface; 
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a plurality of flexible, parallel, graphite fibers having a first end and a 
second end, the first end being in direct, thermal contact with the 
first surface; and 

a base into which the second end of the fibers are embedded. 

10. The system of claim 9, further comprising thermal grease disposed 
between the fibers. 

11. The system of claim 9, further comprising a second surface thermally 
coupled to the base by a bond. 

12. The system of claim 11, wherein the bond is selected from a group 
consisting essentially of a solder bond and a molecular bond. 

13. The system of claim 12, wherein the base comprises copper. 

14. The system of claim 9, wherein the first end has freedom of movement 
along the first surface. 

15. The system of claim 9, wherein the fibers have a length of less than 
approximately one inch. 

16. The system of claim 11, wherein the first and second surfaces are 
surfaces of first and second heat pipes, respectively. 

17. A computer system comprising: 

an IC; 

a plurality of flexible, parallel, graphite fibers having a first end and a 
second end, the first end being in direct, thermal contact with the 
IC; 

a copper base into which the second end of the fibers are 
embedded; and 
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a heat dissipater bonded to the base. 

18. The system of claim 17, wherein the IC is a processor. 

19. The system of claim 17, wherein the first end has freedom of movement 
along a first surface of the IC. 

20. The system of claim 17, wherein the fibers have a length of less than 
approximately one inch. 
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